The effects of dietary energy and recombinant bovine somatotropin (bST) on pattern of LH release, follicular development, and onset of puberty were studied in 40 Angus heifers. At 7 mo of age, heifers were assigned to a 2 x 2 factorial experiment; the main effects were dietary energy (high [HDEI: 14.15 Mcal of ME/d or moderate [MDE]: 10.84 Mcal of ME/d) and somatotropin (bST; 350 mg every 2 wk or vehicle). Beginning at 9 mo of age, heifers were observed twice daily for estrous activity. From 10.5 to 12 mo of age, five heifers from each treatment group were selected for weekly ultrasound examination of ovarian structures and biweekly sequential blood sampling to determine concentrations of LH. Somatotropin treatment altered intermediary metabolism in a manner consistent with enhanced accretion of lean tissue and decreased deposition of fat. The HDE heifers were younger ( P < .001) at puberty than the MDE heifers, but BW at puberty was not different among treatment groups. Age and body weight at puberty were not affected by bST. Frequency of LH pulses increased within the 10.5 to 12 mo of age sampling window in HDE-treated heifers but not in MDE heifers (dietary energy x month of age; P < .02). Secretion of LH was unaffected by bST. Ovaries of bST-treated heifers tended ( P < ,091 to have fewer follicles > 5 mm in diameter than those of vehicletreated heifers. We conclude that chronic treatment with bST did not alter age at puberty or pattern of LH release in heifers and that even modest differences in energy intake influence the timing of the prepubertal increase in pulsatile LH release.
Introduction
Plane of nutrition and growth rate affect age at onset of puberty in heifers (Wiltbank et al., 1966; Short and Bellows, 1971) . In addition, chronic feed restriction prevents or delays onset of puberty in J. h i m . Sci. 1994. 72709-718 heifers as well as the prepubertal increase in pulsatile LH secretion, the critical event leading to the onset of puberty (Kinder et al., 1987) . Signals that reflect metabolic nutritional status may influence reproductive activity (Steiner et al., 1983) .
Serum somatotropin concentrations decreased with increasing age in growing steers (Verde and Trenkle, 1987) and heifers (McShane et al., 1989131 , indicating that a decline in somatotropin concentrations may be involved with initiating onset of puberty. However, chronic treatment of heifers with bST did not affect age at puberty (McShane et al., 1989a) . The effects of bST or the resulting metabolic alterations on the hypothalamic-pituitary-ovarian axis may not be manifest as dramatic changes in age at puberty. Therefore, we designed an experiment to test the hypothesis that chronic treatment of heifers with bST alters the mechanisms controlling the timing of the onset of puberty in beef heifers. The specific objectives of this study were 1 ) to characterize secretory patterns of LH and follicle growth in heifers maintained on two levels of dietary energy and 2 ) to evaluate the effects of bST on LH secretion, ovarian follicle growth, and onset of puberty. Table 1 . Composition of high-and moderate-energy diets fed to prepubertal heifers from 7 to 14.5 months of agea Forty Angus heifers born within a 30-d period during March 1987 were assigned by weaning weight to a 2 x 2 factorial arrangement of treatments. Treatments were balanced for birth date and sire. Treatments consisted of high dietary energy and bST injections (HDE + bST; n = lo), high dietary energy and vehicle injections ( HDE + V; n = lo), moderate dietary energy and bST injections (MDE + bST; n = lo), and moderate dietary energy and vehicle injections ( MDE + V, n = 10). Treatments were initiated in October when the heifers were an average of 7 mo of age and continued until early June when heifers averaged 14.5 mo of age. Heifers were penned by treatment groups in a covered barn at the University of Kentucky Research Farm in Lexington. Heifers were exposed to natural photoperiod and ambient temperature. Injections (s. c. ) of a sustained-release formulation of bST (350 mg/5 mL) in a microsphere suspension vehicle or the microsphere vehicle were administered every 14 d throughout the study. Microspheres were suspended in an oil carrier 1 h before injection. Injections were made anterior to the scapula, and injection sites alternated between right and left sides of the heifer. Vehicle and bST were provided by American Cyanamid (Wayne, NJ). All heifers were tethered and fed individually one of two complete diets between 0900 and 1300 each day. Heifers were weighed every 28 d, and the mass or energy content of the diet was altered to maintain linear growth rates of .75 and -50 kg/d for the HDE + V and MDE + V heifers, respectively. The HDE + bST and MDE + bST heifers were fed the same diet as their vehicle-treated contemporaries. The compositions of the diets for HDE and MDE treatments are shown in Table 1 . During the study, heifers consumed an average of 14.15 Mcal of ME.heifer-l.d-l and 10.84 Mcal of ME.heifer-l-d-l for HDE and MDE, respectively.
Materials and Methods

Heifers and Treatments
Data Collection
Feed and water were withheld for 12 h before heifers were weighed. Hip heights were measured at weaning ( 6 mo of age) and at the completion of the study (14.5 mo of age) to assess long bone growth.
Beginning at an average of 9 mo of age, heifers were observed twice daily for estrous activity. Blood samples were taken by venipuncture three times per week and plasma concentration of progesterone was measured to identify the occurrence of the first luteal phase. Blood samples ( 5 m I ) were placed in test tubes containing 6.25 mg of EDTA as an anticoagulant and kept on ice. Plasma was harvested within 4 h after sampling following centrifugation at 1,800 x g . All plasma samples were stored at -20°C until they were assayed. Puberty was defined as expression of estrus followed by progesterone concentrations exceeding 1 ng/mL for five consecutive samples (10 or 11 d). Date of estrus was then used as the date of apparent first ovulation. In one heifer, the increase in plasma concentrations of progesterone was not preceded by an observed estrus. In that heifer, 6 d before the first increase in progesterone was used as the date of first ovulation.
At approximately 10 mo of age, five prepubertal heifers from each treatment group ( n = 20) were selected randomly for assessment of follicular growth (Pierson and Ginther, 1988) and LH secretory patterns. We chose to examine secretory patterns of LH and follicular development in a subgroup of each treatment for the following reasons: 1 ) five heifers per treatment are sufficient to identify statistically significant differences in hormonal patterns or follicular dynamics, and 2 ) 10 heifers per treatment are the minimum number needed to identify differences in age at puberty. In addition, proper care and use of experimental animals dictates minimizing the number of heifers used in intensive data collection. Number and diameter of follicles were determined weekly via rectal examination of the reproductive tract using ultrasound echography. The ultrasound system consisted of a PIE Medical ultrasound with a 7.5-MHz transducer and on-screen caliper system. The same heifers were subjected to intensive blood sampling at 2-wk intervals to assess patterns of LH beginning at 10 mo of age. Heifers were fitted with indwelling jugular catheters (18 gauge x 8.3 cm; Angiocaths, Deseret, Sandy, UT) beginning at 0600 on the day of sampling. Starting at 1200, a 5-mL blood sample was drawn every 15 min for 10 h. Blood was allowed to clot for 24 h at 5"C, and serum was harvested after centrifugation at 1,800 x g. All samples were stored at -20°C until they were analyzed. 
Rad io immu n oassays
Samples collected during intensive sampling periods, when heifers were 10.5, 11, 11.5, and 12 mo of age, were assayed for LH as described previously for ovine LH (Schillo et al., 1988; Esteinne et al., 1989) . Parallelism to the standard curve was maintained; dilutions of sera from two heifers and one cow with gel-PBS did not alter estimates of LH concentrations (Figure 1 ). Recoveries of known concentrations of LH standard (range .25 to 4.0 ng/mL) from bovine sera averaged 88.9 k 4.4%. Inter-and intraassay CV were 19 and 5%, respectively. Frequency of LH pulses, LH pulse amplitude, and mean LH concentrations were calculated using the PULSAR program (Merriam and Watcher, 1982) . The cutoff values used to identify peaks containing 1, 2, 3, 4, or 5 points were G(1) = 4.4, G ( 2 ) = 2.71, G ( 3 ) = 1.92, G ( 4 ) = 1.46, and G ( 5 ) = 1.13 SD, respectively. Plasma from samples taken 1 wk after bST injections when heifers were 10, 11, and 12 mo of age were analyzed for somatotropin and insulin concentrations using RIA validated in our laboratory (McShane et al., 198913) . All blood samples analyzed for metabolic hormones and metabolites were taken before feeding. Inter-and intraassay CV for the somatotropin assay were 8 and 5%, respectively. Inter-and intraassay CV for the insulin assay were 21 and 4%, respectively. Data from the samples collected at 10, 11, and 12 mo from each heifer were averaged and used as the somatotropin and insulin concentration for statistical analysis.
Blood samples from 25 d before and 25 d after a heifer was first observed in estrus were analyzed for progesterone by RIA. Additional samples were analyzed for progesterone from heifers with luteal phase concentrations before first observed estrus or those heifers without a luteal phase of normal duration. A luteal phase of normal duration was considered to be at least 10 d in length. A double-antibody RIA was validated in our laboratory to measure concentrations of progesterone in non-extracted bovine plasma. Standards were made by diluting progesterone (Steraloids, Walton, NH) with sufficient diluent (. 1% gel-PBS) t o obtain stock concentrations of standards ranging between 40 and .31 ng/mL. Fifty microliters of charcoal-extracted steer plasma and 50 pL of unknown or control plasma were added to assay tubes. The primary antibody was rabbit anti-progesterone (1:500 in 1:200 normal rabbit serum:PBS; Chemicon International, El Segundo, CA), and [3Hlprogesterone (15,000 d p d 1 0 0 pL; Amersham, Arlington Heights, IL) was the tracer. Goat anti-rabbit gamma globulin (1:40; Biotek-Vangaurd Scientific, St. Louis, MO) was used as the second antibody. Dilutions of bovine plasma with gel-PBS did not alter the estimates of progesterone content. Recoveries of known concentrations of standard (range 1 t o 5 ng/mL) averaged 120%. Because recoveries were slightly higher than our normally acceptable range, we used this assay (25 to 200 pL) remained parallel to the standard curve. The LH standard was NIDDK oLH25, and LER-1374A was used for radioiodination. Primary antibody was oLH antiserum CSU-204 used at a final dilution of 1:400,000. Goat anti-rabbit gamma globulin was used to precipitate bound hormone.
procedure only to confirm luteal activity and not to obtain precise estimates of progesterone concentrations. Inter-and intraassay CV were 17 and 7%, respectively.
Glucose and Urea Nitrogen Determinations
Samples analyzed for insulin content were also assayed for concentration of glucose using methods described by Raab and Terkildsen (1960) . Inter-and intraassay CV were 9 and 8%, respectively. Plasma urea nitrogen concentrations were measured using methods of Marsch et al. (1965) . Inter-and intraassay CV were 14% and 5%, respectively.
Statist ica I A na lys is
The effects of treatment on body weight, LH pulse frequency, LH pulse amplitude, mean LH concentrations, diameter of the largest follicle, mean follicular diameter, number of follicles > 5 mm (including follicles > 10 mm), and number of follicles > 10 mm were evaluated with analyses of variance for repeated measurements using the GLM procedures of SAS (1985) . Initial BW was analyzed with a two-way ANOVA using the SAS GLM program. Initial hip height, final hip height, change in hip height, final BW, ADG, age at first ovulation, weight at first ovulation, and mean concentrations of somatotropin, insulin, plasma urea nitrogen, and glucose were evaluated with a two-way ANOVA with initial BW as a covariate using the SAS GLM program. When significant ( P < .07) interactions were detected, means within dietary energy dose were analyzed using the Studentized T-test. Chi-square analysis was used to evaluate the number of heifers that attained puberty by 14.5 mo of age.
Results
Growth Traits
Body weights of heifers did not differ among treatment groups at the beginning of the study.
Heifers receiving HDE had greater ( P < .001) ADG and were heavier ( P < .001) than those consuming MDE at the conclusion of the study (Table 2) . Body weights and ADG were unaffected by bST treatment.
Hip heights did not differ among heifers at 6 mo of age. By 14.5 mo of age, hip heights were greater ( P < .005) in the high-energy than in the moderate-energy group (Table 2) . Hip heights at the end of the study were greater ( P < .05) in heifers receiving bST than in V-treated heifers.
Somatotropin, Plasma Urea Nitrogen, Insulin, and Glucose
Heifers treated with bST had increased ( P < .001) circulating somatotropin concentrations compared with vehicle-treated heifers ( Table 3 1. Plasma concentrations of urea nitrogen were decreased ( P < .006) in bST-treated heifers at 14.5 mo of age, whereas heifers consuming the high-energy diet had increased ( P < .O 1 ) plasma urea nitrogen (Table 3 1. Circulating insulin concentrations were increased ( P < .O 1) in heifers consuming the high-energy diet compared with heifers fed the moderate-energy diet. Heifers treated with bST had increased ( P < .04) plasma insulin concentrations (Table 3 1. Plasma glucose concentrations were increased ( P < .05) in bST-treated heifers consuming the high-energy diet (bST x dietary energy, P < .06; Table 3 ).
Reproductive Traits
Heifers consuming the high-energy diet were younger ( P < .001) at first ovulation than heifers fed the moderate-energy diet (Table 4) . By 14 mo of age, there was a tendency ( P < .lo) for fewer heifers in the MDE + V group than in the other groups to have attained puberty. Weight at first ovulation for heifers attaining puberty during the study did not differ among treatments (Table 4) . Also, the average weight (353.1 k 10.7 kg) of the heifers that had not attained puberty by the completion of the study was not different from the average weight (336.26 k 5.4 kg) at first ovulation of pubertal heifers. Treatment of heifers with bST did not affect age or weight at first ovulation.
Prepubertal LH pulse frequencies increased between 10.5 and 12 mo of age (dietary energy x month of age; P < .02) in heifers consuming HDE compared with heifers receiving MDE, and this increase was a result of enhanced ( P < .05) pulsatile LH release at 11.5 and 12 mo of age in HDE heifers (Figure 2 , top panel). Bovine somatotropin injections did not alter prepuberal LH pulse frequency compared with vehicle treatment. Luteinizing hormone pulse amplitude was unaffected by either dietary energy or bST treatments. However, analysis of LH pulse amplitude revealed a significant ( P < .02 j quadratic effect of age (Figure 2 , middle panel). Mean LH concentrations increased linearly ( P < .03) as heifers became older, but mean LH concentrations were not affected by either dietary energy or bST treatments (Figure 2, bottom panel) .
Analysis of ovarian follicular development when heifers were between 10.25 and 12 mo of age revealed significant linear ( P < .01) increases with age in the size of the largest follicle ( P < .006), average size of follicles ( P < .06), and the number of follicles > 10 mm CEffect of bST ( P < ,011. dEffect of bST ( P < .Ol); effect of dietary energy ( P < .01). eEffect of bST ( P < .02); effect of dietary energy ( P < .01). fbST x dietary energy interaction ( P < ,061.
( P < .05) in diameter (Figure 3 b,c,d ). There were no effects of treatment on these follicular traits. The number of follicles > 5 mm increased linearly ( P e .05) with age ( Figure 3a) . Bovine somatotropintreated heifers tended ( P < .09) to have fewer follicles > 5 mm in size than heifers injected with vehicle (1.58 k .33 vs 1.84 k .36).
Discussion
Growth and Metabolic Traits
Chronic treatment of prepubertal heifers with bST increased circulating concentrations of this hormone and seemed to alter growth and intermediary metabolism in manners consistent with those reported previously. The increase in hip height of bST-treated heifers indicates an enhancement of long-bone growth and is in agreement with previous observations on cattle (McShane et al., 1989a; Grings, et al., 19901, sheep (Butler-Hogg and Johnsson, 19871 , and rats (Isaksson et al., 1987) . The failure of bST to increase ADG agrees with the results of Peters (1986) and Muir et al. (19831, but contrasts with the results of other experiments (Johnsson et al., 1987; Sandles et al., 1987; McShane et al., 1989a) . Differences in ADG among experiments may be a function of the dose given, because doses of bST exceeding 33 pgkg did not improve ADG in beef steers (Moseley et al., 1992) . The average dose of bST in the present study was 85 pg/kg, which may explain the failure to affect ADG. Alternatively, sustained-release bST may not alter ADG as effectively as daily injections. Enright et al. ( 1990) suggest that a majority of the increase in ADG expressed by somatotropin-treated ruminants may be attributed to increased feed intake and gut fill. Because heifers used in our study were limit-fed, differences in gains due to feed intake would not have been expected.
Somatotropin increases the retention of nitrogen in beef heifers (Eiseman et al., 19861 , presumably by enhancing incorporation of N into carcass (muscle) and noncarcass (internal organs, hooves, hide, etc. 1 protein (Early et al., 1990b) . Such increases in N retention have been reflected by a decrease in circulating concentrations of urea nitrogen (Moseley et al., 1982; Eiseman et al., 1986; McShane et al., 198913) . Our results are consistent with those previous findings. . Mean (k SE) luteinizing hormone (LH) pulse frequency (pulses/lO h; top panels), amplitude (nanogramdmilliliter; middle panels), and concentrations (nanograms/milliliter; bottom panels) at 10.5, 11, 11.5, and 12 mo of age in heifers with high or moderate energy intake that received slow-release bovine somatotropin (bST, 0) or vehicle [A). In heifers that received high-energy diets, LH pulse frequency increased (P < .05) with increasing age (energy x age, P < .02]. Treatments did not affect LH pulse amplitude ( P > . l o ) , but there was a quadratic effect of age on amplitude (P < .02). Treatments did not affect mean LH concentrations (P > .lo), but mean concentrations of LH increased with age (P c .02).
ET AL.
Treatment of growing swine (Chung et al., 1985) , heifers (McShane et al., 1989b) , and lactating cows (Vernon, 1989) with somatotropin increases circulating concentrations of glucose, an effect that may be attributed to increased hepatic gluconeogenesis and reduced uptake of glucose by adipose tissue (Vernon, 1989) . Increases in peripheral glucose have not always been detected in somatotropin-treated cattle fed diets comparable to our HDE treatment (Eiseman et al., 1986; Early et al., 1990a; Enright et al., 1990) . We detected an increase in glucose concentrations in bST-treated heifers consuming the HDE diet, but not in those receiving the MDE diet. The reason for this interaction between diet and bST is unknown.
Circulating concentrations of insulin were influenced by dietary energy. In ruminants, insulin secretion is directly proportional to the amount of digestible organic matter in feed (Bassett, 1974; Gill and Hart, 1981) . Carbohydrate content of feed governs the production of volatile fatty acids such as propionic acid that stimulate insulin secretion (Trenkle, 1970) . Therefore, the higher concentrations of insulin in heifers fed the HDE diet than in those consuming the MDE are probably due to differences in amounts of carbohydrate between diets.
Consistent with other studies in ruminants (Eiseman et al., 1986; McShane et al., 1989b) , we found that bST treatment increased insulin concentrations. This response seems to occur without a concomitant increase in glucose (Eiseman et al., 1986; Johnsson et al., 1987) . In our study, bST-treated heifers fed the high-energy diet had increases in insulin and glucose, whereas bST-treated heifers consuming the moderateenergy diet had an increase in insulin without an increase in glucose. Similarly, suppressing somatotropin release reduces insulin concentrations without changing circulating glucose (Simpson et al., 1991) . Thus, increased insulin concentrations in somatotropin-treated ruminants may not be due solely to hyperglycemia.
Reproductive Traits
Several previous studies have documented differences in age at puberty between heifers maintained on different amounts of dietary energy (Wiltbank et al., 1966; Arije and Wiltbank, 1971; Short and Bellows, 1971 ). In our current study, heifers fed HDE attained puberty an average of 53 d earlier than those on the MDE diet. Compared with other experiments with similar differentials in growth rate, the difference in age at puberty in our study was not as great as that reported by Wiltbank et al. (1966) but was greater than that reported by Short and Bellows (1971) .
The critical event leading to the onset of puberty in ruminants seems to be a prepubertal increase in frequency of LH pulses (Foster et al., 1975; Day et al., 1984; Kinder et al., 1987) . Severe restriction of dietary energy suppresses pulsatile release of LH and (Foster et al., 1989; Kurz et al., 1990) . Based on these observations, it has been hypothesized that differences in age a t puberty associated with differences in growth rates are attributed to effects on timing of the prepubertal increase in pulsatile LH secretion. The results of our study corroborate and extend the observations of Day and co-workers (1986) in support of this hypothesis. Moreover, our data indicate that pulsatile LH secretion can be modulated by planes of nutrition that are more representative of those commonly used under practical conditions. Heifers maintained on HDE had an increase in LH pulse frequency between 10.5 and 12 mo of age, whereas those fed MDE did not have changes in LH patterns. A likely explanation is that heifers consuming MDE had an increase in LH pulse frequency at an older age than those fed HDE. The exact mechanism mediating the effects of nutrition on pulsatile LH secretion and onset of puberty has not been elucidated, but it may involve measurement of nutrient availability by the central nervous system . Specifically, the higher brain centers governing release of GnRH seem t o be uniquely sensitive to the availability of energy substrates, from 10.25 to 12 mo of age (panel d) because reduction of available oxidizable metabolic fuels decreases pulsatile LH release (Clarke et al., 1990; Wade and Schneider, 1991) .
Circulating concentrations of somatotropin decrease with advancing age in growing lambs (Suttie et al., 1991) and cattle (Verde and Trenkle, 1987; McShane et al., 1989b) . Based on these observations, we hypothesized that the age-related decline in somatotropin serves as a signal influencing the timing of puberty onset. Somatotropin itself, or a change in metabolism resulting from a decrease in somatotropin, may act as such a signal. If this hypothesis is correct, then chronic treatment with bST would mask the agerelated decrease in endogenous somatotropin and delay the onset of puberty. Our current results do not support this hypothesis. Chronic treatment with bST did not influence the timing of puberty onset and did not alter patterns of LH secretion. The lack of an effect of bST on puberty agrees with earlier observations (McShane et al., 1989a; Murphy et al., 1991) . In addition, chronic pulsatile delivery of somatotropin t o ewe lambs does not alter LH patterns and onset of puberty (Suttie, 1991) . In contrast, a high exogenous dose (500 mg/14 d ) of bST (Hawkins et al., 1992) as well as low endogenous somatotropin concentration as a result of immunization against growth hormonereleasing hormone (Simpson et al., 1991) delays the onset of puberty in heifers. Therefore, an extremely high or low concentration of somatotropin may increase age at onset of puberty. However, chronic increases in somatotropin without altering LH release or puberty onset indicate that somatotropin may not be a signal influencing onset of puberty in cattle. Perhaps normal concentrations of somatotropin are required to sustain growth and metabolism in such a manner as to support reproductive development.
Fewer MDE + V-treated heifers attained puberty by 14.5 mo of age than heifers in the other treatment groups. Although of potential importance to reproductive efficiency, these data should be interpreted with caution. First, a majority of MDE heifers attained puberty in the last 30 d of the study. Second, all MDE + V heifers conceived in the 45-d breeding season immediately after the conclusion of the study (Hall et al., 19921 , indicating that MDE + V heifers attained puberty during this time. Therefore, these differences in numbers of heifers attaining puberty may be an artifact of the timing of the termination of the study.
Neither dietary energy nor bST treatments induced major changes in ovarian follicle growth characteristics in our study. The lack of differences in follicle growth between HDE and MDE heifers was somewhat unexpected in light of the differences in timing of the prepubertal increase in pulsatile LH secretion and onset of puberty. The number of antral follicles remains unchanged or decreases slightly in the 4 mo before puberty in heifers (Erickson, 1966; Desjardins and Hafs, 19691 , whereas the size of the dominant follicle increases after heifers attain puberty (Peebles et al., 1991) . In rodents, increases in the size of antral follicles occur only a few days before puberty (Donham and Stetson, 1991) . Perhaps the increased LH pulse frequency detected at 11.5 and 12 mo in the HDE heifers, although indicative of earlier onset of puberty, was insufficient to induce any dramatic changes in ovarian follicular size and number.
In the present study, bST treatment resulted in fewer follicles > 5 mm in diameter, whereas other follicular characteristics were unchanged. Treatment with bST increased the numbers of small (< 5 mm) follicles in cyclic heifers, but these small follicles did not become part of the pool of larger follicles (Gong et al., 1991 (Gong et al., , 1993 . Although the mRNA for the somatotropin receptor is present in the post-and prepubertal bovine ovary, somatotropin receptors are not present on follicles, indicating that effects of bST on follicular development are mediated via IGF-I (Tanner and Hauser, 1989; Lucy et al., 1993) . Spicer and coworkers ( 199 2) suggest that somatotropin via IGF-I may enhance recruitment, but not selection, of follicles. Treatment of prepubertal gilts with porcine somatotropin increases intrafollicular IGF-I concentrations and decreases the number of LWhCG binding sites (Spicer et al., 1992) . The reduction in the number of follicles > 5 mm in our study may be a result of atresia due to decreased LH receptors in these follicles (Ireland, 1987) . Populations of small follicles were difficult to detect accurately in our study and are not reported. Therefore, although bST suppressed numbers of follicles > 5 mm in prepubertal heifers, we cannot preclude the possibility of enhanced recruitment of small follicles.
Although growth rates of heifers fed HDE and MDE differed and heifers in these groups attained puberty at different ages, estimates of body weight at puberty for heifers that became pubertal during the course of the study were not significantly different among groups. However, it seems inappropriate to conclude that puberty occurred at some critical body weight, as suggested previously (Frisch and Revelle, 1970) . Results from other experiments indicate that increased dietary energy either increases (Wiltbank et al., 1969; Short and Bellows, 1971) or decreases (Dufour, 1975; Ferrell, 1982; Schneider and Wade, 1989 ) body weight at puberty. These studies included more heifers and(or) greater differences in growth rates than those of our current study. In addition, body weight at puberty was highly variable in our study (247 to 405 kg) and the final weight of the six heifers that did not attain puberty during the study did not differ from the average pubertal weight of the remaining heifers. Furthermore, at the conclusion of the study body weights of five out of six nonpubertal heifers were equal to or exceeded the average weight at first ovulation of the heifers that reached puberty.
In summary, differences in age at puberty in beef heifers due to growth rate seemed to be a result of alterations in the timing of the prepubertal increase in pulsatile LH secretion. Chronic treatment of prepubertal beef heifers with bST seemed to alter intermediary metabolism and promote growth of muscle and bone and minimize fat deposition, but it did not influence timing of the prepubertal increase in LH secretion or onset of puberty. Somatotropin induced minor changes in follicular growth, but these alterations did not affect age at puberty. Therefore, we reject the hypothesis that bST or the metabolic changes resulting from its administration affect the mechanisms controlling the timing of onset of puberty in beef heifers. Recent research indicates that the availability of energy substrates to the central nervous system seems to be the primary link between nutrition and reproduction; therefore, in the present study, bST probably did not sufficiently alter energy availability to the central nervous system to influence mechanisms involved in the onset of puberty.
Implications
Replacement heifers fed a high-or moderate-energy diet were administered a sustained-release formulation of recombinant bovine somatotropin t o alter their metabolism and promote growth of muscle and bone and reduce fat deposition. Energy content of the diet influenced release of luteinizing hormone and age at puberty in heifers. However, release of luteinizing hormone and age a t puberty were not altered in heifers treated with bovine somatotropin. Therefore, mechanisms controlling the timing of puberty in heifers apparently do not involve changes in somatotropin or somatotropin-related metabolism, but these mechanisms seem to be sensitive to energy intake.
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